Objective: The controversy that iodized salt may increase the risk of thyroid disorders has been aroused in China during the past decade. Most of studies focused on adult rather than children. We aimed to explore whether iodized salt was associated with an increased risk of thyroid nodule in Chinese children.
Introduction
Thyroid nodules are less common in children than those in adults, the prevalence of palpable thyroid nodules in childhood being about 1.5%, whereas it is 4-7% in adulthood [1, 2] . In contrast, thyroid nodules are more often malignant in childhood than in adulthood: 26% of thyroid nodules are malignant in children, while 5-10% in adults [2, 3] . Therefore, the early prevention of thyroid nodule in daily life of children is important and indispensable.
Several risk factors are associated with an increased risk of thyroid nodules; and among of them, iodine insufficiency is realized as an important one [3] . Iodine is an essential trace element required for normal activity of the thyroid gland. Iodization of salt is considered as the appropriate method for iodine fortification in prosperous countries [4] . The Universal Salt Iodization (USI) program was launched to prevent iodine deficiency disorders (IDD) in 1995, China. However, careful monitoring is essential because excessive iodine intake can also be disadvantageous and even a little deficiency in iodine intake have proven to be decisive for the prevalence of endemic goiter and other iodine-related thyroid diseases [5] [6] [7] . Similarly, experts of endocrinology in China have subjectively perceived that numbers of patients with thyroid nodule dramatically increased during the same period of USI, especially in coastal areas of China. Hence, the experts consensusally deemed that iodine intake was excessive among Chinese population. According to the guidelines of the World Health Organization (WHO), the United Nations Children's Fund, and the International Council for Control of Iodine Deficiency Disorders [8] , iodine intake in part of Chinese residents were more than adequate (median urinary iodine excretion, 200 to 299 mg/L) or excessive (median urinary iodine excretion, . 300 mg/L). But as Teng et al [9] reported, people with more than adequate and excessive iodine intake accounted on 0.2% and 0.5%, respectively. Consequently, a heated debate whether it is scientific and essential to keep launching the Universal Salt Iodization (USI) program throughout China was argued about [10] [11] [12] [13] [14] . Therefore, it is extremely important to explore whether USI was related to the high prevalence of thyroid nodule in China. Many previous studies conducted the relationship in adult population, and less of them focused on the children. Therefore, the aim of this study was to explore whether iodized salt was associated with an increased risk of thyroid nodule in Chinese children. Additionally, previous studies found that milk influenced urinary iodine concentrations significantly, suggested that milk might partly improve iodine intake in Spain [15, 16] . Thus, we also evaluate the effects of milk consumption on the prevalence of thyroid nodule. Further, a national survey in China reported that pubic hair development (PH 2) of boys was 11.24 years [17] ; and the median ages of onset of Tanner stages 2 and 3 for pubic hair development were 11.16 (95% CI: 11.03-11.29) years and 12.40 (95% CI: 12.25-12.55) years, respectively [18] . Hence, in order to evaluate the effect of puberty, we did sub-analyses in two age groups (group 1: 6#Year#11; group 2: 12#Year#17).
Subjects and Methods

Population features
This study was conducted in Hangzhou, Zhejiang Province, China, which is located in the eastern of China. This city covers eight districts and five counties. There are 8.7 millions residents in Hangzhou city; 73.25% of them living in urban areas, 26.75% in rural areas. This study was designed to be representative of the civilian from Hangzhou and collected information on demographic characteristics, health status, iodine intake and thyroid disease. From March to October 2010, a total of 12,438 eligible individuals were recruited from greater Hangzhou, 9412 adults and 3026 children [19] . In present manuscript, we evaluated the association between type of salt and thyroid nodule among children (3026 adolescents).
Subjects and study design
The study participants were recruited based on following strategy: There are eight districts and five counties in Hangzhou city. First, three sub-districts or towns were selected randomly from each district or county (including 12 districts or counties, except Binjiang district), respectively. Therefore a total of 36 subdistricts or towns were selected initially. Secondly, one community or village was randomly selected from each sub-district or town. Thirdly, 100 households from each community or village were randomly selected. Finally, 3600 households were recruited for interview. The family members of household were chosen based on the following criteria: (1) age $6 years old; (2) living for above 5 years at present residence. The exclusion criteria: (1) resident with coronary angiography (CAG) or endoscopic retrograde cholangiopancreatography (ERCP) in 6 months; (2) resident taking amiodarone drug; (3) resident with abnormal kidney function or serious illness. However, participants aged ,18 years old were included in present manuscript.
The eligible family members of selected households were convened to administration center of village or community. The researchers introduced the study protocol and obtained written informed consent form from each participant. Meanwhile, the interview schedule was appointed with participants. The study protocol was approved by Institutional Review Board of Hangzhou Center of Disease Control and Prevention. This survey was carried out by well-trained personnel (including community clinic physicians, nurses, and public health doctors).
Collection of epidemiological data and specimens
The participants were invited to local community health center before 8:00 am after 8-hour fasting overnight. Firstly, each participant provided 10 ml spot urine samples. Then, 5 ml venous blood was collected using vacuum blood collection tube. Secondly, the participants were interviewed for a structured questionnaire. The questionnaire covered the information about demographic characteristics and health status, including sex, age, nationality, physical activity, lifestyle, dietary habit, and personal or family history of thyroid disease (including time of diagnosis). Especially, information about type of salt, salt appetite and milk consumption was defined as following: the item-''Currently, which type of salt is consumed in your family?'' was used for collecting information about type of salt. Three options for this item were provided: (1) only iodized salt; (2) non-iodized salt; (3) both of them. The question-''How about your appetite?'' was used to evaluate salty appetite. Three options were provided: (1) salty; (2) moderate; (3) light.
Consuming milk #1 time per week was defined as having no habit of milk consumption, consuming milk $2 times per week was defined as having habit of milk consumption [19] . Eligible participants were interviewed face-to-face by well-trained investigators from CDCs.
Measurements for iodine concentrations
For each household, table salt samples of at least 50 g were collected, which were then sealed and stored at room temperature away and kept in dark till to measurements. The concentration of iodine was measured by the colorimetric titration method. The collected urine sample was transferred in tightly capped plastic tubes barcode-labeled with a unique identifying number. Samples were stored in a refrigerator before transferring to the laboratory, where they were stored at 218uC until use. Urine iodine was measured using arsenic cerium catalytic spectrophotometry (WS/ T107-2006) and expressed as micrograms of iodine per liter of urine. Epidemiologic criteria for assessing iodine nutrition based on median urinary iodine concentration are: iodine deficiency, , 100 mg/L (Low); adequate iodine nutrition, 100-199 mg/L (Normal); above requirements, 200-299 mg/L (High); excess of iodine, $300 mg/L (Excess) [20] .
Serum was obtained from vein blood after centrifugation and stored at 270uC until measurements. ). An ultrasound examination of the thyroid was performed to detect thyroid nodules, using a Sonoline Versa Pro (Siemens, Munich, Germany) with a 7.5-MHz, 70-mm linear transducer (effective length, 62 mm). The sonography was performed by one ultrasound doctor from countylevel hospital in each district or county. All ultrasound doctors were trained before the investigation.
Definition of variables
Diet pattern was classified as three groups: vegetarian, meat and moderate; vegetarian defined as subjects mainly consumed vegetable food; meat defined as subjects mainly consumed meat food; moderate defined as subjects consumed vegetable and meat food. In this study, the urine iodine concentration (median, interquartile) in subjects who consumed iodized salt, non-iodized salt, and both of them had 189.0(125.0, 275.9) mg/L, 115.0(81.0, 168.0) mg/L, and 149.0(103.0, 241.0) mg/L, respectively. Due to urine iodine concentration among subjects who consumed noniodized salt and both of salt was very close, type of salt was grouped into two groups: iodized salt and non-iodized salt; noniodized salt included subjects intermittently consumed iodized salt or consistently consumed non-iodized salt.
Statistical analysis
The categorical and continuous variables were described as percentage and mean 6 SD, respectively. Meanwhile, the categorical and continuous variables were compared between the subjects with and without thyroid nodules, using x2 and t test respectively. Due to urinary iodine presented un-normal distribution, the urinary iodine level was expressed with median and interquartile; and then Wilcoxon test was used to assess differences of urinary iodine levels. The adjusted associations of urinary iodine level, type of salt, diet flavor, milk consumption with thyroid nodules were estimated respectively, using logistic regression model stratified by gender and resident location. Additionally, the joint associations between type of salt and milk consumption, urinary iodine and milk consumption on iodine deficiency (urine iodine concentration (UIC),100 mg/L) were also analyzed in pooled sample and two genders. Additionally, the associations of urinary iodine level, type of salt, salt appetite, milk consumption with thyroid nodules were repeated among the subjects without diagnosed thyroid diseases, for excluding the bias from patients with diagnosed thyroid diseases. To account for the correlation of members in a same household, and the correlation of household in same district or county, we calculated robust estimates of variances with generalized estimate equation (GEE) [21] .
The following variables were taken as covariates in the models of thyroid nodule risk: age, BMI, resident location, diet flavor, types of salt, dietary patterns, milk consumption. Listwise deletion was used to address the missing data in the model [22] . A value of P,0.05 was considered statistically significant. All statistical analyses were performed with SAS 9.1 (SAS Institute, Inc., Cary, NC, USA). Vegetarian indicates that subjects consistently had vegetable diet; meat indicates that subjects consistently had meat diet; moderate indicates that subjects intermittently had vegetable diet or meat diet.
2:
Iodized salt indicates that subjects consistently consumed iodized salt; Non-iodized salt indicates that subjects intermittently consumed iodized salt or consistently consumed non-iodized salt. doi:10.1371/journal.pone.0102726.t001
Results
The distribution of general characteristics in two groups
The table salt samples were collected from 3791 households; 3593 of those were iodized salt, and 198 were non-iodized salt. The iodine concentrations of salt range from 27.80 to 33.57 (mean = 30.09) mg/kg [23] . Finally, 74 of 3026 subjects were missing for information of thyroid nodule, thus 2974 subjects included in final analyses. The prevalence of thyroid nodule was 10.59% among children. Girls (11.89%) had higher prevalence of thyroid nodule than boys (9.26%). Subjects without thyroid nodule were younger, and participants with thyroid nodules were higher proportion from urban area (all p value ,0.05); Likewise, most of subjects with thyroid nodule liked salty diet flavor, and consumed non-iodized salt (all p value ,0.05); Diet patterns and milk consuming were not different between groups ( Table 1) .
The association between types of salt, milk consumption and thyroid nodule
The associations of iodized salt and milk consumption with thyroid nodule were estimated ( Table 2) . Non-iodized salt (OR = 1.65, 95% CI = 0.98, 2.77) was not associated with the risk of thyroid nodule among pooled samples. Consistent results were found among boys and girls, respectively. Further, no significant relationship was found between milk consumption and thyroid nodule.
The association between types of salt, milk consumption and risk of thyroid nodule in different growth periods
The associations of iodized salt and milk consumption with thyroid nodule in different growth periods were estimated in Table 3 . No significant association between non-iodized salt and risk of thyroid nodule was found among pooled samples in group 1 (6#Year#11) (OR = 1.37, 95% CI = 0.56, 3.38). Similar results were found in group 2 (12#Year#17) (OR = 1.96, 95% CI = 0.98, 3.89). Further, the associations were estimated in boys and girls (Table4, Table 5 ). No significant associations of thyroid nodule with non-iodized salt were found. Additionally, the significant relationship was not found between milk consumption and thyroid nodule.
Iodine status and the association between urinary iodine level and risk of thyroid nodule
The urine iodine level of subjects with thyroid nodule was not different from those without thyroid nodule. There is no difference of urinary iodine level in different groups of genders, resident location, type of salt, salt appetite and milk consumption (Table  S1 .). Meanwhile, 16.16% children were iodine deficiency (UIC, 100 mg/L); 15.42% and 16.66% in urban and rural area, respectively. Additionally, 19.94% children were excessive iodine intake (UIC §300 mg/L). Further, we explored the association between urinary iodine level and risk of thyroid nodule. However, after adjustment for covariates, compared with those with normal urinary iodine, the subjects with low urinary iodine level or excess iodine level were not significantly associated with thyroid nodules. Adjustment for age, sex, dietary patterns, resident location, meanwhile, the models of types of salt, milk consumption, salt appetite were adjusted each other.
2:
Iodized salt indicates that subjects consistently consumed iodized salt; Non-iodized salt indicates that subjects intermittently consumed iodized salt or consistently consumed non-iodized salt. doi:10.1371/journal.pone.0102726.t002
Similar results were observed among boys and girls respectively (Table S2) . No significant associations of thyroid nodule with UIC were observed among two age groups (Table S3, Table S4 ).
Discussion
In present study, the prevalence of thyroid nodule was 10.59% among Chinese children. Girls (11.89%) had higher prevalence of thyroid nodule than boys (9.26%). Our findings indicated that subjects consumed non-iodized salt was not significant associated with the risk of thyroid nodule among Chinese children. Similar results were observed among boys and girls, respectively.
Iodized salt was still the main resource of iodine in coastal population, because the environmental iodine in study area was deficient (,10 mg/L) [24] , and water iodine level in Hangzhou was in the range of 0.20-5.99 mg/L, with the median level as 2.58 mg/L [23] . Further, the average daily iodine intake from milk is 1.2 mg among 1848 subjects drinking milk; iodine content from Adjustment for age, dietary patterns, resident location, meanwhile, the models of types of salt, milk consumption, salt appetite were adjusted each other.
2:
Iodized salt indicates that subjects consistently consumed iodized salt; Non-iodized salt indicates that subjects intermittently consumed iodized salt or consistently consumed non-iodized salt. doi:10.1371/journal.pone.0102726.t004 Adjustment for age, sex, dietary patterns, resident location, meanwhile, the models of types of salt, milk consumption, salt appetite were adjusted each other.
Iodized salt indicates that subjects consistently consumed iodized salt; Non-iodized salt indicates that subjects intermittently consumed iodized salt or consistently consumed non-iodized salt. doi:10.1371/journal.pone.0102726.t003
milk accounted for 0.4% of urine iodine, and 74.4% of urine iodine came from iodized salt in adults [23] . In the present study, the associations of salt type and milk consumption with thyroid nodule were estimated among Chinese children. However, different with the findings among adults [19] , significant association of non-iodized salt with thyroid nodule was not observed among Chinese children. Some prospective studies have shown that iodine supplementation does not decrease the incidence of thyroid nodules in some areas [25] , this may be the result of anatomical changes made by long-standing iodine deficiency which is not expected to be resolved by iodine supplementation. Additionally, most of children under 18 years were students in schools and most diets were taken in schools. Thus, the information about non-iodized salt from questionnaires interviewed in households may be inconsistent with the actual situation. Further, the small samples of taking non-iodized salt may be another potential bias. It has been reported that milk is one of the most significant sources used to increase iodine intake in many countries [26, 27] . However, consistent with our previous study [19] , we did not observed the significant association between milk consumption and thyroid nodule. Milk may have a small effect on iodine intake in Hangzhou and that iodized salt is still the main dietary source of iodine among adults [19] . A previous study reported a mean daily iodine intake from milk of 1.2 mg, which accounted for only 0.4% of urinary iodine [23] . Another reason could be that the amount of iodine consumed in dietary supplements is not a long-term predictor of iodine intake [28] .
Urinary iodine excretion is widely used as an indicator of the iodine nutritional intake. Similar with Ding Gangqiang and Wang Juanjuan [29, 30] , we did not observed the difference of urinary iodine between two types of salt and patients with thyroid nodules and normal subjects. Consistent with other findings, urinary iodine was not related to the presence of thyroid nodules among our study population [31] . Our results indicated that urinary iodine status may not be associated with thyroid nodules among Chinese children. The urinary iodine excretion as determined by the iodine/creatinine ratio is influenced by additional factors (e.g., muscle mass and physical activity [32, 33] ) and may be underestimated in younger and overestimated in older subjects, because creatinine excretion is negatively correlated with age. Finally, only one spot UIC might not exactly evaluate the iodine nutrition of subjects. The accurate correlations of thyroid nodules with noniodized salt among Chinese children need more deep and large samples studies.
Limitations
There are some limitations in this study. The number and mass size of thyroid nodule were not recorded in the investigation. The associations between iodized salt and number and mass size of thyroid nodule were not analyzed, which might reveal the extent of influence of the iodized salt on thyroid nodule. In addition, the classification of thyroid nodules was not included, and it was no way to find the different associations between iodized salt and different kinds of thyroid nodules. Additionally, other thyroid diseases were not included in present analyzed. It would be distorted the association between iodized salt and thyroid diseases.
Conclusions
No statistical association between non-iodized salt and thyroid nodules was observed among Chinese children. There is no significant relationships between milk consumption, urinary iodine status and thyroid nodules among Chinese children. Table S1 The comparison of urine iodine levels among the children and adolescent. (DOCX) Adjustment for age, dietary patterns, resident location, meanwhile, the models of types of salt, milk consumption, salt appetite were adjusted each other.
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